Introduction
Texture analysis is a basic issue in image processing and computer vision. In many practical applications, it is difficult or impossible to ensure that images obtained have the same translation, rotation or scaling between each other. This need texture analysis should be ideally invariant to viewpoints, as it is always perceived as the same texture image by a human observer.
More and more attention has been paid on invariant texture analysis. A great deal of work has been done on this important topic [1] . Recently, multi-resolution approaches such as Gabor filters, wavelet transforms, and wavelet frames have been widely studied and used for texture characterization. Kourosh and Hamid utilize the Radon and Wavelet transform to attain the invariant features [2] . Franci and Stanislav use a method with Gabor and Gaussian filters, rotation invariance is achieved by the Fourier expansion of these features with respect to orientatio [3] . Greenspan etal. [4] , Haley and Manjunath [5] use rotation-invariant structural features obtained via multiresolution Gabor filtering. All of these methods have achieved considerable success in texture analysis. However, a large of number of features is commonly used to describe each feature which can lead to an unmanageable size of feature space. Furthermore, the feature extraction technique employed may be computationally very demanding.
This paper presents a new technique for rotation-invariant texture classification using Radon and Fourier transforms. The outline of the paper is as follows: In Section II, we briefly review Radon and Fourier transforms and their properties. In Section III, we present our rotation-invariant texture classification approach. Experimental results are described in Section IV, and conclusions are presented in Section V.
Radon Transform and Fourier Transform
Radon and Fourier transforms are the elementary tools used in the proposed method. This section briefly introduces these two transforms and their properties in order to establish the properties of the proposed technique.
Radon Transform
The Radon transform of an image ) ,
hypothetically, is defined as its linear integral along a line. The integration along a particular line defined by a normal distance r from the origin and normal angle will generate the corresponding Radon transform point ) , ( r R . Mathematically, it is written as at the corresponding angles [7] . Materially Radon transform projects the image to the other parameter space. And with useful property in the scope of this paper, the rotation of an image by an angle r , causes the Radon transform to be shifted through the same amount, i. e., )
Fourier Transform
Fourier transform is a most commonly used tool in the image processing field. Transforming the image to the spectrum gives a possibility to furthermore work with other disposing method. The Fourier transform of an image
, its discrete form is written as
And in this paper, the property most interested is as following [6] :
Properties of the proposed method
To develop a rotation-invariant texture-analysis method, capturing the features invariant to rotation is most important. In this paper we propose a new method using Radon and Fourier transform to attain the features, this method also is robust to additive white noise.
Method profile
As shown in fig.1 , in the proposed method the Radon transform of the image is first calculated and then the Fourier transform and its corresponding module is computed to extract the corresponding rotation-invariant features. Since the Radon transform is invertible, any texture information is not lost. Rotation of the input image corresponds to the translation of the Radon transform along . To obtain the uniformity of the Radon transform in different orientations, the Radon transform is calculated for a disk area of the texture image. As shown in fig.2 , the rotation of the texture sample corresponds to a circular shift along horizontal axis in this figure. Therefore, using a 2-D ordinary Fourier transform, by taking the modules of the Fourier transform of these functions the translation also is eliminated, so rotation-invariant features can be produced. Finally, a k-nearest-neighbor rule is applied to classify the texture to an appropriate class. 
texture rotation-invariant
As we mentioned earlier, the Radon transform makes the rotated image to an image with a translation change by mapping the image to the other parameter space. So we define the ) , ( r R f as the image after Radon transform, and with a rotation to image ) , ( y x f , the Radon transform will generate a translation along ; its function may be defined as ) , ( r R f .
We apply the Fourier transform to the expression (1) and (2) respectively and obtain the follows:
Then we take the modulus of the expression (1) and (2) and gain:
And for the expression ) / 2 exp( N u j , its value equals 1, i.e. the expressions 8 and 9 are equal indeed. So finally we get the rotation-invariant feature. This can be shown in Fig.3 . (10) In practice, the image is composed of finite number of pixels and the mean of the additive white noise will also be not zero, so the material instance will not be so ideally. According to the properties of the Radon transform [5] , we can achieve the conclusion that through giving integral region's radius the value sixty-four, the proposed method can make the signal-to-noise ratio (SNR) of the final image increasing a factor of 109. In a word, this method is very robust to additive noise.
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classification
The k-nearest-neighbor rule is a well-established and nonparametric pattern-classification method. We use k-nearest-neighbor rule to classify the texture image into an appropriate class. In this algorithm, the unknown pattern is assigned to the class label which is most highly represented among these neighbors [8] , [9] . The k-nearest-neighbor are the k samples of the training set, which have minimum distance to the unknown samples in the feature space. However, the features may not have the same significance for classification. Here, we utilize weights to the features to select the best combination of features. The first experiment is in order to improve the feasibility of the proposed method, so we make the each image rotated at angles 10 to 180 with 10 increments and utilize the original image's rotation-invariant features comparing with the rotated image's rotation-invariant features. In total, we created 4320 (  18  16  15 ) samples for the testing set .The experiment results are shown in Table 1 . Furthermore, to validate the robustness with the additive white noise, Gaussian random noise with zero mean and variance depending on the wanted Signal to Noise Ratio (SNR), has been added to all of the images. Then we do the experiment with same steps like the test one. Four SNR values have been considered (30 dB, 20 dB, 15 dB, 10 dB). The experiment results are shown in Table 1 . We name the texture images selected by T1 to T15, from left to right then from top to bottom. From the experiments, we can draw a conclusion that the proposed method is very feasible in the rotation-invariant texture analysis and with a high robustness even the Signal to Noise Ratio is 10DB.
Experiments results
Conclusion
In this paper we have introduced a new method for rotation-invariant texture analysis utilizing Radon and Fourier transform. Firstly, we translated the rotation quantity in the rotated image to the translation quantity in the image through the Radon transform. Then after using a Fourier transform and making a module, we finally gain the feature rotation-invariant. Additionally, in order to test the theory proposed, we carried out a set of experiments using different textures. These results prove the feasibility and efficiency of the technique proposed in this paper. But due to the error generated by the algorithm, the date we got in practice doesn't accord with the academic result. There exists some difference. So we need to improve the algorithm in the future work.
